A modified meta-analysis was used to develop generalized allometric equations of total individual volume underbark for second growth forests of roble, raulí and coigüe. From a set of total volume equations compiled from the literature, pseudo-data were generated to fit generalized equations for each species. The meta-analysis was supplemented with an observed database, which, besides contributing data for validation was used to fit the heightdiameter relationship and to model the variance of total volume. This variance was used to simulate random pseudo-data of volume with variability similar to that of the observed data, in order to avoid residual autocorrelation problems. It was also used to define weights for the fitting of volume equations. In order to determine zonal effects, volume equations compiled from the literature were assigned to agro-climatic zones defined by ODEPA (ODEPA. 2000 Oficinas De Estudios y Políticas Agrarias. Clasificación de las explotaciones agrícolas del VI censo nacional agropecuario según tipo de productor y localización geográfica. Ministerio de Agricultura. Documento de trabajo N°5. I.S.S.N. 0717-0378. Santiago, Chile. 91 p.), according to the location of the sample. In the fitting, which included dummy variables, no significant zonal effects were detected in the regression parameters in any of the species. The generalized allometric equations of total volume showed highly precision and accuracy, i.e. FI < 0.0852 m 3 tree −1 and E < 0.0674 m 3 tree −1
Introduction
In Chile, there are 3.8 million hectares of second growth forests, of which 1.2 million ha correspond to Roble-Raulí-Coigüe Forest Type, distributed from the Maule Region (35°25′S-71°40′W) to Los Lagos Region (43°28′S-72°56′W) (CONAF, 2011) . Second growth forests of roble (Nothofagus obliqua (Mirb.) Oerst.), raulí (N. alpina (Poepp et Endl.) Oerst.) and coigüe (N. dombeyi (Mirb.) Oerst.) represent a high value economic resource, because they have high growth rates and high timber quality (Donoso et al., 1993; Lara et al., 1999) . Sustainable use of this resource requires evaluations at individual tree level based on allometric equations of total volume. Although there are currently local equations of total volume in specialized publications and other bibliographic sources for these three species, the use of these models outside areas for which they were designed is risky, because it may result in erroneous estimations (Fournier et al., 2003; Henry et al., 2011) . Because the local equations come from limited geographic zones, their widespread use in different environmental conditions where stands of varied structures, densities and ages are intermingled, requires at least a validation based on independent samples (Wirth et al., 2004) . Usually, local equations are not suited to perform regional or large scale estimates, resulting in the need to develop generalized allometric equations of total volume (Muukkonen, 2007) .
In recent years, generalized allometric equations of total volume have been developed for different species that grow in a wide range of environmental conditions (Case and Hall, 2008; Henry et al., 2011) . These equations can be developed from two methods. The first method consists in using observed data, compiled through destructive sampling over a large area (Zianis and Mencuccini, 2003; Lambert et al., 2005; Wutzler et al., 2008; Návar, 2009; Henry et al., 2011) ; however, because of the high cost of this method the application of this method has been limited. The second method corresponds to the meta-analysis, which develops generalized equations from previously published equations (Pastor et al., 1983 (Pastor et al., /1984 Jenkins et al., 2003; Muukkonen, 2007; Chojnacky et al., 2014; Wayson et al., 2015) ; this method has a lower cost but requires an independent set of data for validation.
There are two techniques of meta-analysis to develop generalized equations for volume, formal and modified (Jenkins et al., 2003) . The formal meta-analytical technique combines the regression coefficients from different equations and all equations used in such meta-analysis must have identical structure and identical variable transformations (Peña, 1997) . While the modified meta-analysis fits generalized equations from pseudo-data, generated with previously published equations, it does not present constraints in structure and variables, unlike the formal technique, making it more applicable in practice (Pastor et al., 1983 (Pastor et al., /1984 Jenkins et al., 2003) . Since original databases used in the fitting of the published equations are not usually available, the modified meta-analysis can expand the availability of data from different locations, because in the absence of observed data, the information provided by specific data of each location can be recovered under the form of specific pseudo-data, which are generated using the published equations. This is a more practical method that requires no field sampling for fitting one or more models.
Several authors have used this meta-analytical technique to develop generalized equations for different species in North America and Europe (Pastor et al., 1983 (Pastor et al., /1984 Jenkins et al., 2003; Wirth et al., 2004; Zianis et al., 2005; Muukkonen, 2007) . Some authors only use the diameter at breast height as the predictor variable in the generation of pseudo-data. Others, consider that both diameter at breast height and total tree height should be included, because these data provide better estimates of volume (Zianis and Mencuccini, 2003; Montagu et al., 2005; António et al., 2007; Gonzalez-Benecke et al., 2014) . However, before to the generation of pseudo-data, the problem of allocating the value of total height to each specific diameter should be faced, and can be solved by fitting the height-diameter relationship with observed data (Muukkonen, 2007) .
Another problem to be solved is that the direct generation of pseudo-data from the compiled equations violates the assumption of independence of residuals. The pseudo-data set on which the generalized equations are based is highly autocorrelated (Lambert et al., 2005) . Additionally, in total height and total volume data, it is usual to observe heteroscedasticity; there is a greater variability in these variables at larger size of the trees (Wayson et al., 2015) . Thus, the estimates of the regression coefficients of the generalized allometric equations obtained using ordinary least squares are linear, unbiased and consistent, but the estimators not efficient. The estimated variances are biased, so the statistical tests normally used and the confidence intervals generated to verify the validity of the estimates are not valid. Moreover, the reported coefficient of determination (R 2 ) values are meaningless (Kmenta, 1986) . Several studies published on generalized equations based on pseudo-data have not considered the autocorrelation problem and heteroscedasticity (Jenkins et al., 2003; Muukkonen, 2007; Chojnacky et al., 2014) . The main problem is often a lack of statistical information, which generally accompanies the published equations, which in some cases is restricted to the regression parameters and sample size. Thus, when carrying out a metaanalysis for the preparation of generalized equations, a method to generate pseudo-data free from autocorrelation should be applied as well, with a distribution similar to that of the observed data.
This study was aimed to develop generalized allometric equations of total volume underbark for second growth forests of roble, raulí and coigüe using the modified meta-analysis, supplemented with observed data. The observed database, besides being used in the validation of the generalized fitted equations from pseudo-data, was used to model the height-diameter relationship
2 ), and to model the total volume underbark from observed data. The height-diameter equation was used to generate volume pseudo-data from the combined variable D H 2 , with the allometric equations of the total volume underbark compiled from different bibliographic sources. The variance equation, besides being used to randomize volume pseudo-data and provide a variability similar to that of the observed data, with the purpose of avoiding residual autocorrelation problems, it was used to define weights for the fit of volume by weighted least squares method. The allometric equations of total volume underbark fitted to observed data were used to generate pseudo-data, from which new equations were fitted, in order to have direct evidence on the validity of the method used in this study.
Methods

Compilation equations
The allometric equations of the total volume underbark used in this study were compiled through a literature review. First, an online review was conducted, consulting databases and meta-searchers available in the main Chilean university libraries, including books, scientific and technical magazines, undergraduate and graduate theses. Then, authors of the documents that were not freely available were contacted by e-mail and digital and printed copies of their studies were obtained. The literature review allowed us to identify the authors of the studies and contact them to request their permission to access and use their data for this study.
The compilation was focused on allometric equations of total volume underbark obtained from models, whose predicting variables included diameter at breast height, total height or combination thereof (i.e.
= ( ) V f D H D H
, , 2 ). All equations that clearly informed about the structure of the model, value of estimated parameters, sample size, range of values of independent variables (i.e. D and H), geographic location of the sample used in the fitting (i.e. Region, Province, Commune, locality or farm, and geographic coordinates), and source were considered useful to the study.
The analysis of the compiled allometric equations showed the frequent use of a reduced number of models (Table 1) . For roble, three models were found (a, b and c), while for raulí and coigüe, only one model was found (a).
The detected models have been used to fit a variable number of equations. Of all allometric equations of total volume underbark compiled, a set of 18 equations met the requirements outlined in previous paragraphs and they were used in this study (Table 2) . In order to determine zonal effects, the equations were allocated to five agro-climatic zones defined by ODEPA (2000) , according to the geographic location of the sample used in the fitting of each equations. The zones were: Coastal rainfed, Inner rainfed, Rainfed valley, Foothills and Mountains. The nine equations for roble considered useful for the study cover four Table 1 Models of total volume underbark detected in the literature review, by species.
Species
Model structure Model Roble, raulí and coigüe D: diameter at breast height; H: total height; n: sample size; R 2 : coefficient of determination; RMSE: root mean square residual; CV: residual coefficient of variation; n.i.: no information; * : as cited by Drake et al. (2003) .
Generalized allometric equations of total volume generated by meta-analysis of the five zones with presence of second growth forests of the species (i.e. 3 for Inner rainfed, 2 for Rainfed valley, 2 for Foothills and 2 for Mountains). The seven equations for raulí only cover two zones (i.e. 4 for Foothills and 3 for Mountains), as do the two equations for coigüe (i.e. 1 for Rainfed valley and 1 for Foothills).
Database
The observed database was structured from a sampling performed in the framework of this study and data provided by other studies. Similar to what was carried out with compiled equations, the observed data were allocated to the agro-climatic zones defined by ODEPA (2000), according to the geographic location of each sample ( Table 3) .
The database was compiled in the range of the natural distribution of second growth forests of roble, raulí and coigüe (Figure 1 ). The database includes measurements of total height (H) and diameter at breast height (D) of a total of 2044 trees, including 753 robles, 916 raulies and 375 coigües. Of them, 1380 (i.e. 635 robles, 459 raulies and 286 coigües) correspond to trees that were felled in order to measure diameters over and underbark along the stem. From these data, the total volume underbark was determined. Volume underbark (V) on each tree section was calculated using Smalian's formula, i.e.
, where V i is the volume underbark (m 3 ) for section i; L is the section length (m) and A l,u are the upper and lower-end cross-sectional areas (m 2 ) for section i, respectively. Total stem volume was obtained by adding the volume of the stem sections from a stump height equal to 0.3 m up to tree top. The database observed for each species and zone was divided for fitting and validation purposes with independent samples. The HD sample was systematically divided into two parts. The first consisted of 634 trees and was intended for the fitting height-diameter relationship (H/D), whereas the second contained 1431 trees and was used for validation. The database of total volume (VDH) was systematically divided into three datasets. The first was of 415 trees intended for the fitting of variance equations of the total volume. The second, consisted of 676 trees for the fitting of allometric equations of total volume from observed data. The third contained 289 trees and was intended for the validation of these relationships. The allometric equations of total volume fitted to observed data were used to generate pseudo-data, which in turn were used to fit equations in order to have direct evidence on the validity of the method used in this study.
Model development
For the modelling of the total volume underbark, the non-linear model proposed by Spurr (1952) (1) was used. The fit was performed from pseudo-data generated by using the compiled allometric equations of total volume underbark. The model proposed by Spurr (1952) also was fitted to observed data and then was fitted with pseudo-data generated from these equations, in order to have direct evidence on the validity of the method used in this study.
where V is the total volume underbark (m 3 ), D is the diameter at breast height (cm), H is the total height (m) and a 1,2 are the parameters of the model.
With each total volume equation compiled, an amount of pseudodata equal to the sample size used in the fitting (n) was generated in the diameter range (D D , . This ensures a greater weight to the equations fitted with larger sampling size. In order to estimate the total height (H i ) corresponding to a specific value of diameter (D i ), the allometric model proposed by Stage (1963) (2) was fitted. The equations resulting from the fitting were used to estimate heights in the range of heights (H min , H max ) of the sample used in the fitting of each volume equation compiled. In this case, three options were analysed; the first consisted of positioning the estimation line on the minimum height (relationship 3); in the second, the estimation line was positioned on the mean height (relationship 4); in the third option, the estimation line was positioned on the maximum height (relationship 5).
where H min,mean,max are the minimum, medium and maximum total height (m), respectively; D min,mean,max are the minimum, medium and maximum diameter at breast height (cm), respectively and b 1,2 are the parameters of the model.
The generation of non-autocorrelated pseudo-data required the modelling of the variance of the total volume underbark, as an equation of the predicting variable of the model (1). In order to achieve this, the observed data available for fitting (i.e. VDH database) were arranged in eight classes of D H 2 of constant amplitude and with class midpoints defined from the following relationship
, where mc is the D H 2 class midpoint, int is the equation of the integer part and w is the class amplitude, which in this study was set in = w 5000. In each class, the arithmetic average of the predicting variable (D H i 2 ) and
2 ) were calculated. In the modelling of the volume variance, the linear model (6) was used.
where c 0,1 are the parameters of the model. The generation of pseudo-data of total volume underbark using each compiled equation was performed as follows: given a value of the diameter at breast height (D i ), the total height (Ĥ i ) was estimated using the best relationship (3, 4 or 5). Volume variance (σ = (ˆ)
) was estimated using model (7), and the total volume underbark was estimated from the respective compiled equation
i . The respective pseudo-datum was randomly obtained from a normal distribution, whose mean and variance areV i and σ _ v i 2 , respectively. In turn, 10 000 pseudodata were generated using this methodology and 10 000 pseudo-data were generated using a Monte-Carlo simulation, similar to the proposed by Wayson et al. (2015) . Both simulations were used to validate the generalized allometric total volume equations.
Fitting and evaluation of models
All statistical analyses were performed using SAS 9.2 software (SAS, 2009). The non-linear models (1 and 2) and linear model (7) were fitted using the NLIN and REG procedures, respectively. The fitting of the model of variance of the total volume (6) was performed by species. While the fitting of the models of total volume underbark (1) and total height (2) were performed by species and agro-climatic zone, using weighted least squares to homogenize the variance. For the model (1), the weighting factor used was the reciprocal of the variance equation (i.e.
While for the model (2), the weighting factor used was the reciprocal of the predicting variable (i.e. D
1/
). The determination of the significance of the zonal effects in the models of total volume underbark and total height was performed by incorporating dummy variables associated to each parameter of the models (1 and 2) (Hardy, 1993; Bergerud, 1994; Ott, 1997) . In a hypothetical situation with data available for z zones, a total of − z 1 dummy variables Forestry Table 3 Descriptive statistics of the database used to fit and validation of equations, by species and zone. HD: height-diameter database; VDH: total volume underbark database; n f,v : sample size for fitting and validation, respectively, of total height equations (H), variance of the total volume underbark (σ V 2 ) and total volume underbark (V); CV: coefficient of variation; Max.: maximum; Min.: minimum.
Generalized allometric equations of total volume generated by meta-analysis are required in order to identify data of − z 1 in those zones. In the case of data from five zones, model (1) with dummy variables assumes the following form (7): represent the difference between a 1 and respectively, a 2 obtained in the ith zone and the respective values obtained from the fitting for the zone whose data were not marked (a 1,2 ). In this study, the zone not marked corresponded to the zone that presented the greatest sample size intended to the fit, i.e. Mountains for the fitting of total height relationship for the three species. Inner rainfed for roble; and Mountains for raulí and coigüe, for the fitting of the volume model from pseudo-data. Foothills for roble, Mountains for raulí and coigüe, for the fitting of the volume model from observed data. The Furnival's index (FI) (Furnival, 1961) and the residual coefficient of variation (CV) were used to evaluate the precision of the fitting of total volume model (1), total height model (2) and variance of total volume model (6). FI was used to transform the residuals of the weighted fitting of the allometric equations of total volume and total height to express them in their original scale. The accuracy index (E) (Bruce, 1975) was used in the evaluation of the three options to estimate the total height from the diameter at breast height (relationships 3, 4 and 5), as well as in the validation of the allometric equations of total height and total volume.
where RMSE is the root mean square residual (i.e. = RMSE ); y i ,ŷ i andȳ observed value, value estimated by the model and average value of the dependent variable; p: number of parameters of the model; n: sample size.
Results
Modelling total height
For all the species and zones, the fitting of the total height model (2) showed all the parameters statistically significant at α = 0.05 (Table 4) . The model explained a high proportion of total height variability, despite every zone bringing together data from stands of varied structure and site conditions (Figure 2 , upper). For roble, the values of FI and residual CV were lower than 3.4 m and 18.6 per cent, respectively. For raulí, values of FI and CV were lower than 3.5 m and 19.4 per cent, respectively. Finally, for coigüe, values of FI and CV were lower than 3.3 m and 17.6 per cent, respectively. The weighted fitting solved the problem of heteroscedasticity in the three species (Figure 2,  lower) .
In the fitting including dummy variables, no zonal effects were detected in the regression parameters (P(t) ≥ 0.05). No significant zone differences were detected in the parameters b 1 and b 2 of the equations obtained in Coastal rainfed, Inner rainfed, Rainfed valley and Foothills with respect to the equation obtained in the Mountains for the tree species. Therefore, the equation obtained from the general fitting for respectively. In the validation, the greatest accuracy was presented by raulí, followed by coigüe and roble, i.e. E < 3.3, E < 3.4 and E < 3.5 m, respectively. The estimation line for each species Table 4 Parameter estimates and fit statistics for height-diameter equations, by species and zone. Generalized allometric equations of total volume generated by meta-analysis is centrally positioned at the total set of observed validation data coming from different zones (Figure 3 ). In the estimation of the total height, which corresponds to a specific diameter value, the most accurate results were obtained by positioning the estimation line at the average height (relationship 4). This option presented the greatest accuracy in all zones, for the three analysed species (column E 2¸i n Table 4 ). Thus, relationship (4) was used to estimate the heights used to generate pseudo-data.
Modelling of the variance of total volume
For the three species, a linear trend of increase of the variance of total volume was observed, as the independent variable increases (D H 2 ) (Figure 4 ). The fitting of the variance model of total volume (7), by species provided equations in which all parameters were significant (P(t) < 0.05) ( Table 5 ). The greatest accuracy in terms of fitting was achieved for raulí, followed by coigüe and roble, with residual coefficients of variation 5.6, 6.5 and 7.1 per cent, respectively.
Modelling of total volume from pseudo-data
For all the species and zones, the weighted fitting of the total volume model (1) showed all the parameters statistically significant at α = 0.05 (Table 6 ). In the fitting including dummy variables, no zonal effects were detected in the regression parameters for the three species. Therefore, equations obtained from the general fitting for each species are valid for the zones that provided pseudo-data for the fitting. The accuracy of the equations obtained from the general fitting is similar or even higher than the original equations used in the generation of pseudo-data. Weighted fitting solved the problem of heteroscedasticity, and for the three species the weighted residuals presented a constant trend against the predictor variable ( Figure 5 , lower).
For roble, FI and CV values were lower than 0.0879 m 3 tree −1 and 14.5 per cent, respectively. In the fitting, no significant zone differences were detected in the parameters **P(t) < 0.0001; ns: non-significant (i.e. P(t) ≥ 0.05); n fu : number of equations for the generation of pseudo-data; n p : total number of generated pseudo-data; a 1 d i ,a 2 d i : difference between parameters a 1 and, respectively, a 2 of each zone with respect to data obtained from the non-marked zone. Generalized allometric equations of total volume generated by meta-analysis for the two zones that contributed with pseudo-data for the fitting, , equivalent to a CV = 14.2 per cent was obtained. The estimation line is centrally positioned on the pseudo-data of the general fitting, showing that the generalized equation is suitable for both zones that contributed pseudo-data for the fitting (Figure 5, upper, centre) .
For coigüe, FI and CV values were lower than 0.0832 m 3 tree −1 and 10.3 per cent, respectively. Because in the fitting no significant zonal effects were detected, the equation obtained from the general fitting is valid for the two zones that contributed with pseudo-data for the fitting, i.e. Checking the validity of the equations fitting method from pseudo-data
For all the species and zones, the weighted fitting of the total volume model (1), both from observed data and from pseudodata, showed all the parameters were statistically significant at α = 0.05 (Table 7) . As expected, for the three species, the fitting , for roble, raulí and coigüe, respectively. Then, comparing both types of data, the estimated parameters of the total volume equations developed from pseudo-data not presented statistically significant differences with respect to the estimated parameters of the total volume equations developed from observed data. These results were verified in Table 8 , where the estimated parameter confidence intervals overlap each other for the three species. The result showed that the method used in this study to generate pseudo-data from compiled equations and then developing generalized allometric equations of total volume is suitable for the three species. In turn, the generalized allometric equations of total volume developed from the methodology proposed by this study and from a Monte-Carlo simulation (i.e. 10 000 pseudo-data, respectively) not present significant differences with the parameters generated with observed data.
Validation of allometric equations of total volume underbark
For the three species, the generalized allometric equations fitted in this study from observed data presented a small advantage in accuracy with respect to the equations fitted to pseudo-data (i.e. E < 0.0642, E < 0.0658 and E < 0.0674 m 3 tree −1
, respectively) (Table 9 and Figure 6 ). The compiled equations presented a lower accuracy (E < 0.1116 m 3 tree
−1
).
Discussion
In this study, the first generalized allometric equations of total volume for roble, raulí and coigüe in second growth in Chile forests are presented. These equations were developed using a modified meta-analysis technique that has been used in North America and Europe (Pastor et al., 1983 (Pastor et al., /1984 Jenkins et al., 2003; Muukkonen, 2007; Chojnacky et al., 2014) . This technique involves collecting published equations which are used to generate pseudo-data, which then are used in the fitting of new equations. These are then analysed in order to determine their validity as generalized equations.
The meta-analysis used in this study was supplemented with a base of observed data (Table 3 ). This database was used to fit the height-diameter relationship, as well as a variance equation of total volume for each species, in order to solve the problem of heteroscedasticity and autocorrelation of the pseudo-data generated from the allometric equations of total volume compiled. Results show that the generalized allometric equations of total volume for each species obtained through non-linear least squares are precise and consistent (Table 6 ). An alternative way to generate nonautocorrelated data has been proposed by Wayson et al. (2015) , who used the determination coefficient (R 2 ), n and D range with a Monte-Carlo simulation. In this study, both methodologies were tested simulating 10 000 pseudo-data, to validate the generalized Table 8 Confidence intervals for estimated parameters of total volume equations, by species and type of data.
Species
Type of data n f Parameters : pseudodata generated with compiled equations using Monte-Carlo simulation; n f : sample size for fitting; L l,u : lower and upper limit of the confidence intervals, respectively.
Generalized allometric equations of total volume generated by meta-analysis allometric equations of total volume, resulting that the parameters generated with pseudo-data not present significant differences with the parameters generated with observed data (Table 8) .
The fitted equations in this study include as a predictive variable the combined variable D H 2 . This facilitates their utilization in varied conditions of site, management and age (Montagu et al., 2005; Ung et al., 2008; Gilabert and Paci, 2010; Alegría, 2011) , because the variability in site quality is reflected in the variability of the stem height and the variability in silvicultural management or natural distribution of trees is reflected in variability of diameters. In turn, the combined variable, i.e. D H 2 , is an indicator of cilindricity of the tree, so that these equations would have greater capability to explain the variability of the volume, resulting in more precise estimates (Prodan et al., 1997; Vallet et al., 2006; Corral et al., 2007; Neumann et al., 2016) . This variability of the volume is due to the shift of the cilindricity over the length of the stem, which also shifts as a function of several variables (Návar, 2010) .
Although all compiled total volume equations presented linear structures, in this study the non-linear model proposed by Spurr (1952) was fitted. This is because of the curvature presented by the relationship between the observed volume and the combined variable D H 2 . The Spurr (1952) model is frequently used in studies of volume and biomass equations (Chave et al., 2005; Wutzler et al., 2008; Vejpustková et al., 2015) .
Although the available local equations for roble, raulí and coigüe are based on models that use the D and H as independent variables, enabling greater accuracy using models whose only variable is D, the statistical information reported together with the compiled equations is scarce. In extreme cases, this information is restricted to regression parameters and sample size, making it difficult to Forestry generate independent pseudo-data from equations that include H among predictors (Magnussen and Carillo, 2015) . The obtained results in this study are similar to the results obtained by Wayson et al. (2015) . It is probable that meta-analytical studies on allometric equations of volume or biomass will be frequent in the future. Thus, it should be noted that it would be of great help that authors of such studies should report the behaviour of the variance of the dependent variable and the height-diameter relationship of the sample used.
In the fitting of the allometric equations of total height and total volume using dummy variables, no significant zonal effects were detected on the parameters of the equations in any of the species under study (Table 4 and 7) . One likely explanation is the sample size has larger variability than the zonal effect variability. Undoubtedly, the residual variability within each zone is relatively wide, due to a mixture of densities and stand ages. Still, the fitted equations in each zone are useful to estimate total height and generate pseudo-data for the fitting of total volume equations. Evidence not presented in the present document support the conclusion that obtaining generalized allometric equations of total volume are not depend on the sample size. The statistical tests carried out with small sample sizes (e.g. n = 6) and large sample sizes (e.g. n = 10 000) in each zone detected no statistical zonal effects on the parameters of the fitted total volume model in any of the species. However, as the sample size increases the variability of the parameters reduces (Table 9 ).
Conclusions
The generalized allometric equations of total volume underbark for second growth forests of roble, raulí and coigüe generated in this study using meta-analysis are valid for general use in the study zones. This technique, supplemented with data observed to model the height-diameter relationship and model the variance of the total volume allows for the generating nonautocorrelated random pseudo-data and with homogeneous variance. The allometric equations of total volume underbark obtained present high precision and accuracy.
It is likely that the use of modified meta-analysis will increase in the future, in studies that involve equations of volume or biomass. Therefore, it would be of great help that each author provides information on the behaviour of the variance of the dependent variable and the height-diameter relationship of the sample used in the fitting of this type of equations. Thus, the greatest advantage of this technique could be achieved, which in practice is an alternative to direct sampling. This technique even would allow for the elimination of direct sampling, with the exception of samples intended for validation. Generalized allometric equations of total volume generated by meta-analysis
